Patented June 2, 1952 2,601,624 

UNITED STATES PATENT 
2,601,624 
COPRECIPITATED ALUMINA-METAL OXIDE 
GEL CATALYSTS AND THEIR PREPARA- 
TION 
James R. Owen and John W. Myers, Bartlesville, 

Okla., assignors to Phillips Petroleum Com- 
pany, a corporation of Delaware 
No Drawing. Application December 3, 1947, 
Serial No. 789,568 
25 Claires. (CI. 252m463) 

1 
This invention relates generally fo the manu- 
facture of catalysts and more particularly to a 
method for improving the mechanica! strength 
or the crushing strength of catalyst pi!ls or 
pellets. 
Solid catalysts are extensively employed in 
many processes among which are aromatization, 
isomerization, hydrocarbon synthesis, dehydro- 
genation, and hydrogenation. The individua! 
catalyst particles employed in these processes are 
frequently given a relatively uniform shape and 
size by subjection of the catalyst fo such opera- 
tions as pilling, pelleting or extrusion. The 
specific methods of cata!yst preparation are too 
numerous fo mention, but in many of the methods 
the essentia! step is the impregnation of an inert 
binding or supporting materia! with the catalyti- 
cally active materia!. This bas been accom- 
plished by direct admixture of the catalytic mate- 
rials or by mixing the hydroxides or certain salts 
of the two materials and then subjecting the re- 
sulting mixture fo calcination and volatilization. 
The mixing process is usually followed by the 
extruding or pelleting operations. 
Frequently the cata!ysts produced by the above 
operations do hOt function properly under con- 
ditions of repeated use or they may be the cause 
of ineflicient operation because the catalyst par- 
ticles lack the necessary cohesive and binding 
qualifies. Consequently, during handling or use 
in the process the catalysts will be crushed into 
small partic!es or powder causing a decrease in 
production and loss of catalyst. 
An object of this invention is fo provide a 
method for improving the crushing strength of 
catalyst pills or pellets. A further object of this 
invention is fo provide a method for preparing 
a catalyst of improved crushing strength. Addi- 
tional objects will be apparent ïrom the dis- 
closure. 
We have round that the crushing strength of 
catalyst pills or pellets can be markedly improved 
by impregnating the pflls or pellets with solu- 
tions of certain metal salts, as by dipping, and 
then drying and ca!cining the resulting mixture. 
The process is especially applicable to coprecipi- 
tated gel type catalysts comprising essentially 
one or more metal oxides. 
In practicing out invention the catalyst pills 
or pellets are prepared by any known method, 
and then the resulting catalyst particles are 
dipped into a solution of a ruera! salt, preferably 
a water soluble compound of 0ne of the com- 
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ponents of the catalyst being treated. In gen- 
era! the impregnation is carried out by dipping 
the catalyst pills or pel!ets in a solution of a 
metal salt which upon thermal decomposition 
 will produce one of the meta! oxide components 
of the catalyst, i. e., a catalyst comprising oxides 
of aluminum, chçomium and vanadium may be 
dipped in a solution of chromium nitrate which, 
after thermal treatment, leaves the cata!yst im- 
10 pregnated with the chromium oxide. Where the 
oxides are water soluble, as in this case of chro- 
mium trioxide, if may be used directly as the 
impregnating material. The solution used for 
dipping can be of any suitable concentratïon, but 
I a concentration approaching saturation ïs pref- 
erable in order fo prevent disso!ving of the 
catalyst in the dipping solution, and it is usually 
preferable fo use a concentration of ai lcast 10 
per cent. Any dipping temperature can be used 
20 that is satisfactory for maintaining the concen- 
tration of the dipping solution at the level de- 
sired. After the dipping procedure the cata!yst 
is dried by any suitable method, preferably in a 
stream o air, and then heated fo a temperature 
25 of from 600 ° F. fo 1200 ° F. By this procedure 
the sa!fs are decomposed fo the corresponding 
oxides. The impçegnation with the added oxide 
usually increases the weight of the treated pel!ets 
by about 1 to 50 per cent. 
30 This treatment will substantially increase the 
crushing strength of the catalyst pellets or the 
like, and thus reduce the tendency to crash into 
smaller particles and powder during use. A 
catalyst having a crushing strength too low to be 
3 of practical use can be improved, by usïng the 
procedure of out invention, fo such an extent 
that ifs use is made possible. If may be noted 
that the impregnation treatment referred fo is 
applied fo catalysts by the incorporation of a 
40 metal oxide which is already a comportent of the 
catalyst. Thus the treatment does not function 
to promote or otherwise modifiy the catalyst 
activity but merely to increase strength as .de- 
scribed. The pçocess is applicable to metal oxide 
4 type catalysts composed of one or more metal 
oxides. It is porticularly applicable to a!uminum 
oxide catalysts composed of aluminum oxide 
alone rnixed with chromium oxide, beryllium 
oxide, vanadium oxide, etc. or mixtures with one 
50 or more of such materials. 
The following examples are indicative of the 
results that can be achieved by the use of out inc 
vention. 
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EXAMPLES 
I. Catalyst preparation 
Eighteen butane-dehydrogenation catalysts 
were prepared as described below in the ïorm of 5 
cylindrical pi]ls -inch in diameter and length, 
and were used as pelleted or were impregnated 
with aqueous salt solutions. The eatalysts were 
oï two main types as described be]ow under (a) 
and (b). 

(a) Catalyst No. Composition, weight per cent 
1215-57 ......................... 10 Cr20-30 V0-60 AI0. 
1215-70 ......................... 26 Cr03-22 V0 a-52 ABC2. 
1215-81 ......................... 50 Cr0-25 V0-25 Ah0. 

4 
salt solution, drying at 230 ° F., and calcining ai 
1000 ° F.; there were weight losses during calcin- 
ing and the final compositions are net known ac- 
curately: 

Catalyst Description 

1215-92A ..... 
I0 !215-92B ..... 

15 

These three catalysts were prelmred by slowly 
adding. 3 per cent aqueous ammonia to mixed . 
solutions of aluminum and chromium nitrates 
20 
and vanadium pentoxide dissolved in hydrogen 
peroxide. After a pli of 7.1 to 7.4 was reached, 
the gel was settled for 12 to 60 hours and filtered. 
The precipitate was dried for 40 to 80 hours at 
190 ° F., heated to 750 ° F. in 30 minutes, kept at 
25 
that temperature for 23 to 25 hours, ground and 
pil]ed. The pills were heated to 600 ° F. in a 
stream of nitrogen and kept at 600  F. for about 
4 hours in a stream of air. 

(b) Catalyst No. Composition, weight per cent 
2091-82A ....................... 40 CrOa-]0.Be0-50 Ah03. 
2091-74B ....................... 40 Cr0-]0 Be 0-50 ABC3. 

These two catalysts were prepared by slowly 
adding 57 per cent aqueous ammonia to a vigor- 
ous]y stirred mixed solution of chromium, beryl- 
]ium and a]uminum nitrates. After  pi-l: of 
7.4 was reached, the mixture was filtered; the 
precipitate v¢as dried for 52.5 hours at 200 ° F., 
heated to 750 ° F. in 30 minutes, and kept at 
750 ° F. for 24 hours. The residue was exposed 
to air for 24 hours to absorb moisture, ground 
and pi]]ed. The pfl]s were heated to 1000 ° F. 
in about 6 hours and kept at that temperature 
for about 18 hours. 
(c) Eight of the catalysts were made by im- 
pregnating portions of the pilled chromia- 
vanadia-alumina gels from (a) with aqueous salt 
solutions, drying at 230 ° F., and calcining at 600 ° 
F. for about four hours in a stream of air: 

Catalyst Composition, weight per cent 

1215-57G ..... 
1215-571=[ ..... 
1215-571 ...... 
1215-57 ...... 
1215-70B ..... 
1215-70D ..... 
1215-81A ..... 
12].5-8113 ..... 

I0 CrO-30 VO-60Ah0 coprecipitatcd gel plus 
approximatelg 5 BaC by tmpregnattng with 25 
per cent. barium acetatc solution. 
10 Cr0-30 V0v60 Ah0 coprecipttated gel plus 
7 Cr0 by lmpegnating:with 30 per cent-chromium 
trioxide solatiom 
10 Cr0s-30 V0-60 Ah0$ coprectpitated gel plus 
13 Cr0. by tmpregnating- twice wlth 30 per cent 
chromlum trioxtde- solution. 
10 Cr0-30 V0-60 Ah0 coprecipitated gel plus 
19 r0$ bF tmpregnating threc times. Wih 30 
per cent. chromium, tdxidc sqlution. 
26 Cr20-22 V0-52 Ah0 plus 7 CrO by impreg- 
natlng wlth 30 per cent chromium trioxide solntion. 
26 CrO-22 .V0-5Ah0 plus 37 Cr0 by impreg- 
nattng six tlmcg wIth. 30 Pe cent chromium trioxidc 
solution. 
50 Cr20:25 V.0-25 AI0 plus 17 Cr0 by impreg- 
nating three times, with 30 per cent chromium tri- 
oxtde solution. Driedat 230 ° F. afte eachimpreg- 
nation and finally calclncd at 600? F. 
50 Cr0-25 V0-25 AI0 plns 17 CçO by impreg- 
nating, threc rimes witl 30 per cent chromium tri 
oxidc solution.. Calcinec at 600 ° F. after each im- 
pregnation. 

(d) Five o the catalysts were prepared by 
impregnating portions of the 40 chromia,10 
beryllia-50 alumina gels from (b.) with aqueous 

1215-92C ..... 
1215-92D 
121595 ....... 

2091-74B (40 Cr0-]0 Be0-50 Ah0) plus approxi- 
mately 5 Cr03 by impregnating with 30 per cent 
chromium trioxide solution. 
2091-74B (40 Cr0-]0 Be0-50 Ah0) impregnated 
with approximately 25 per cent chromium nitrate 
solution. 
2091-74B (40 Cr0a-10 Bc0-50 Ah0) impregnated 
with approximately 49 per cent ber-llium nitrate 
solution. 
2091-74B (40 Cr0-10 Be0-50 Ah0) impregnated 
with approximately 38 per cent aluminum nitrate 
solution. 
2091-82A (40 Cr0-10 Be0-50 Ah0a) plus approxi- 
mately 12 Cr0 by impregnating with 0 per cent 
trioxide solution. 

The aqueous salt solutions were added to in- 
dividual pills dropwise so that no catalyst would 
be ]ost in the solutions. The amount of materia] 
added was deterrained by weighing the pî]]s be- 
fore impregntion and after calcination. 

II. Crushing strengçh o/ catalyst pills 

The crushing strength of ten pi]]s of each 
cata]yst mixture was measured with a lever- 
30 type crushing machine that is a modification of 
the one described by ttarford (Ind. Eng. Chem., 
Anal. ed. 10, 40 (1938). The pi]l was laid with 
its cy]indrïcal side on and its longitudinal axis 
para]]el to an anvi] .-inch long and -inch wide 
35 and was crushed with a hammer of the same di- 
mensions. 

4O 

Cata]sts Used Wih. Steam Dilution 

1215-57: 
1215-57G: 
45 
0 1215-575: 
1215-70: 
1215-70B: 
55 1215-70D: 
60 
2091-74B: 
1215-92A: 
65 1215-92B: 
1215-920: 
1215-92D: 
7O 
2091-82A: 
1215-95: 

75 

10 Cr20,-O V0-60. AI coprecipitated 
gel--unused. 
10 Cr0-30. V0-60 Ah0 coprecipitated 
gel plus 5 Ba0 by impregnation--used one 
cycle, net regenerated. 
10 Cr0-30 V0-60 Ah0 coprecipitated 
gel plus 7 Cr0byimpregnationused Che 
cycle net regenerated. 
10 Cn0-30 V0-60 Ah0 coprecipitated 
gel phls I Cr0 by impregnationused 
three cycles,regenerated. 
10 CrO-30 V0-60 Ah0. coprecipitated 
gel plus 19 Cr0 by impregnation--used 
one cycle, :egenerated. 
26. Cr0-92 V0s-52 AhO coprccipitaed 
gel--unused. 
26 Cr0z-22 V0-52 Ah0 coprecipitated 
gel plus 7 CroCs bN impregflation--used 
che cycle, net regenerted. 
26 CraCk-22 V0-52 Ah0 coprecipitated 
gel plus 37 Cr30 by impregnation--uscd 
one. cycle, net regenerated. - 
50 C0-25' V0-25 khO coprecipitated 
gel--used one. cycle, regenemted'. 
50 Cx0a-25 V0-25 Ah0a- coprecipitated 
gel plus 17 Cr0  by/impregna tion--unused. 
50 Cr0-2h VO-25 AI0 coprecipitated 
gel plus 17- Cn0 bY impegnation--used 
fifteen cycles, regenerated. 
10 Be0-40 Cr0-50 Ah0 coprecipitated 
gel--tmuse4. 
2091-74B (10 Be0-40 CrO-50 AhO) plus 
approïimatcly 5 Cr0a bFimpregnating with 
chromium trioxide setution--unhsed. 
2091-74B 10 BEC-40 Or0-50 Al0a) im- 
pregnate&with chromium nitrate solu$ion-- 
unusd. 
2091-74B (I0 BeO-40 rO-50 Al20) im- 
pregnated witl beryllitlm nl%rte solu.tion 
tmused, 
2091-74B (]0 BeO-40 (DrO-50 AltO3) im- 
pregnated with aluminum ni:at c solution-- 
unused. 
10 Be0-40 (3r0-50 AIO coprecipitated 
gel--tmused. 
2091-82A (I0 Be0-40 CrO-50 AhO) plus 
approximately 12" Cr0 b impregnating 
with chromium trioxidc solutivn--used six 
cycles, regenerated.. 

AVg. 
Cushing 
Strength, 
Grains 

437 
409 
3,80 
70 
745 
365 
581 
9,070 
179 
5, 270 
% 200 
728 
1270 
1930 
250 
3890 
3640 
11,800 
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The markedly different strengths of catalysts 
2091-74B and 2091-82A before treatment with 
the salt solutions resulted from deliberately 
pelleting 2091-82A at a much higher pressure 
and possibly also ïrom different precipitation 
conditions. 
The thermal-conductivity hydrogen-sensitive 
gas analyzer indicaied a yield per pass of n-bu- 
tenes plus butadiene of about 40.2 for both 
2091-82A and 1215-95 at 1020 ° F. and 750. 
vol./vol/hr. (STP) space velocity of normal bu- 
tane. 
The above data indicates that impregnating 
coprecipitated-gel catalyst pills with ïrom 1 fo 
about 50 parts of chromium trioxide, chromium 
nitrate, beryllium nitrate or aluminum nitrate 
per 100 parts of catalyst containing as a constitu- 
ent an oxide of any of the above metals will in- 
crease the pill strength--in some cases as much 
as twenty-five fold. The greater pill strength 
obtained by impregnation generally increases 
with an increase in concentration of the impreg- 
nating solution. Impregnating the pills with 
other salts, such as barium acetate solution does 
hot appear to increase the strength, indicaiing 
that hot all metal salts are effective for the im- 
provement in catalyst strength. 
Standard activity tests on the chromia-beryl- 
lia-alumina steam-sensitive catalysts using a 
thermal-conductivity hydrogen sensitive gas ana- 
lyzer indicate about the saine activiiy before and 
after impregnation. This indicates that the im- 
pregnation of these catalysts bas no promoting 
effect but merely serres to increase pill strength. 
We claire: 
1. The method of increasing the mechanical 
strength of coprecipitated gel catalyst pellets 
compacted from particulate catalyst consisting 
essentially of aluminum oxide and at least one 
metal oxide selected from the group consisting of 
the oxides of chromium, vanadium, and beryllium, 
which comprises impregnating the ïormed pellets 
with a solution of a compound of one of said 
meta]s, and calcining the impregnated pellets so 
as fo effect the conversion of said compound to 
the oxide and increase the crushing strength of 
the pelleted catalyst. 
2. The method according fo claire 1 wherein 
the coprecipitated gel comprises alumina, chro- 
mia and beryllia. 
3. The method according to claire 1 wherein the 
copreciptated gel comprises alumina, chromia and 
vanadia. 
4. The method of increasing the mechanical 
strength of coprecipitated gel catalyst pellets al- 
ready compacted from catalyst particles consist- 
ing essentially of aluminum oxide and a p]urality 
of metal oxides selected from the group consist- 
ing of the oxides of chromium, vanadium, and 
beryllium, which comprises impregnating said 
catalyst pellets with a solution of a compound of 
one of the constituent metals and calcining the 
impregnated pellets so as to effect the conversion 
of said compound fo the oxide an increase the 
crushing strength of the pellets. 
5. A method according to claire 4 in which the 
metal oxide components of the catalyst are pres- 
ent in the proportions, 10 Cr20-30 V205-60 A]203. 
6. A method according to claire 5 in which the 
metal oxide used for impregnation is chromic 
oxide. 
7. A method according to claire 4 in which the 
metal oxide components of the catalysts are pres- 
ent in the proportions, 40 CrO3-10 BeO-50 AltOs. 
8. A method according to claire 7 wherein the 
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metal oxide used for impregnalion is chromic 
oxide. 
9. The meçhoa of increasing the mechanical 
strength of coprecipitated gel catalyst pellets 
5 ready compacted ïrom catalyst particles consisç- 
ing essentially of aluminum oxide and a plurality 
of metal oxides selected of the group cons.isting of 
chromium, vanadium, and beryllium, which com- 
prises impregnating said pelleis with a solution of 
10 a chemical compound which upon thermal de- 
composition yields a metal oxide which is already 
a comportent of said catalyst, and calcining the 
impregnated catalyst pellets so as to convert said 
compound ço çhe oxide and increase ihe mechan- 
15 ica] strength thereof. 
10. A method according fo claire 9 in which the 
metal oxide components of the catalyst are pres- 
ent in the proportions, 40 .CrO-10 BeO-50 AltOs, 
and the impregnating chemical comp,ound is 
20 Cr (NO)3. 
11. A method of increasing the mechanical 
strength of a catalyst pellet compacted from cata- 
lyst particles consisting essentially of aluminum 
oxide and a plurality of metal oxides selecSed from 
25 the group consisting of the oxides of chromium, 
vanadium, and beryllium, which comprises im- 
pregnating the formed pellet with a solution of 
a compound oï one of said metals, convertible to 
the oxide by calcination in an amount sufficient 
3o fo increase the weight of the fmished pellet be- 
tween 1 an 50 per cent, and calcining the im- 
pregnated pellet so as to effect the conversion of 
said compound fo the oxide and increase the me- 
chanical strength of the pellet. 
35 12. The method of claire 11 in which the cata- 
lyst contains a mixture of the oxides of aluminum, 
chromium, and beryllium and the impregnating 
solution is an aqueous solution of a chromium 
compound. 
40 13. The method of claim 12 in which the chro- 
mium compound is chromic acid. 
14. The method of claire 11 in which the 
pregnating compound is a solution of a chromium 
compound. 
45 15. The method of claim 11 in which the im- 
pregnating compound is a solution of a beryllium 
compound. 
16, The method of claim 11 in which the hn- 
pregnating compoun( is a solution of an alumi- 
50 num compound. 
17. The method of claire 11 in which the im- 
pregnating solution is a solution of aluminum ni- 
trate. 
1S. The method of claire 11 in which the im- 
55 pregnating compound is a solution of a vanadium 
compound. 
19. The method of claim 11 in which the cata- 
lyst contains a mixture of the oxides of alumi- 
num, chromium, and vanadium and the impreg- 
60 nating solution is a compound of chromium. 
20. The method of claim 19 in which the chro- 
mium compound is chromium nitrate. 
21. A method of increasing the mechanical 
strength of a catalyst pellet compacted from cata- 
65 lyst particles consisting essentially of aluminum 
oxide and at least one meta oxide selected ïrom 
the group consisting of the oxides of chromium, 
vanadium, and beryllium, which comprises im- 
70 pregnating said pellet with a solution of a com- 
pound of one of said metals convertible fo the 
oxide by calcination in an amount sufficient to in- 
crease the weight, of the fmished pellet between 
1 and 50 per cent, and calcining the impregnated 
75 pellet so as to effect the conversion of said coin- 
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pound to the oxide and thereby increase the me- 
chanical strength of the pellet. 
22. As a new article or manufacture a pelleted 
alumina-metal oxide catalyst or improved me- 
chanical strength prepared by the method of 
claire 4. 
23. As a new article of manufacture a pelleed 
alumina-metal oxide catalyst of improved me- 
chanical strength prepared by the method of 
claire 21. 
24. As a new article of manufacture a pelleted 
alumina-chromia-beryllia catalyst of improved 
mechanical strength prepared by the method of 
claire 11. 
25. As a new article of manufacture a pelleted 
alumina-chromia-vanadia catalyst of improved 

mechanical strength prepared by the method of 
claire 11. 
JAMES P. OWEN. 
JOHN W. 1VIYERS. 
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